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\\} What is Going On With Alternative
3 Fuels?

» Jet fuel and combustion research being driven by
alternative fuel development

» Two aspects relevant to MACCCR community:
* Evaluation of alternative fuels with atypical compositions
* Improvement in combustion evaluation of alternative

Morle Cup Dome Edge




Alternative Fuel Evaluation (ASTM

D4054, MIL-HDBK 510)

Specification Fit-For-Purpose ComptRi Tesing -

|
|
| .
. I Engine/APU
Properties Properties operability, durability | Testing
|
R&D Cert.
. ASTM ! >
Review
LHHIMI) SN @ BOEING .
#!,!,Tu RejectL_,| Re-Eval Honeywell R;S;'I;I\"/I(:h
Specification \
ASTM D7566
Revision ASTM Balloting FAA & OEM Review
Process & Approval

CRC Emerging Fuels Group Federal Aviation

Administration

May 5, 2010
Mark Rumizen, FAA/CAAFI
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Fuel Specification Properties Turbine Hot Section *
Relating to Engine Safety, o Oxidative or Corrosive Attack On | agtack——
Performance and Durability | Turbine Blade Metallurgy and Coatings
(ASTM D 1655/ Def Stan 91-91, (Burner Rig Test)
Mil-DTL-83133, Mil-DTL-5624) I

‘ No Attack
No Effect/Positive Effect

Component Test

Fit-for-Purpose Properties
Required?

CHEMISTRY
e Hydrocarbon Chemistry (carbon
number, type and distribution)

e ASTM Standard
el THYSCALMD s Practice D4054—

Boiling Point Distribution Component Tests *
Vapor/Liquid Ratio
Thermal Stability Breakpoint FUEL SYSTEM

L] L) L]
S e Qualification and
Response to Lubricity Improver

¢ r e Fuel Pump
Viscosity vs. Temperature e Fuel Nozzle

Specific Heat vs. Temperature

Density vs. Tgmperature Acceptible COMBUSTOR RIG TESTS

Surface Tension vs. Temperature Cold starting, sea level to 10,000 feet ro Va O e W
Bulk Modulus vs. Temperature Lean Blowout

Thermal Conductivity vs. Temp.

10 Aerial Restarting
Water Solubility vs. Temperature Turbine inlet-temperature distribution
Solubility of air (oxygen/nitrogen)

L) L] L)
Combustor Efficiency
Flow path carboning/plating V I a I O n u r I n e
Emissions
Aucxiliary Power Unit altitude starting

Fuels and Fuel
Additives

Negative Effect

ELECTRICAL PROPERTIES
Dielectric Constant vs. Density
Electrical Conductivity and

Response to Static Dissipator

GROUND HANDLING / SAFETY
Effect on Clay Filtration

Filtration (coalescers & monitors)
Storage Stability

- Peroxides Enai
ngine T
- Potential Gum 9 e j,it ¢ o |
o Toxicity Required*
e Flammability Limits
e Autoignition Temperature
e Hot Surface Ignition Temperature ‘
COMPATIBILITY Yes
e With Other Approved Additives and No
Fuels
¢ With Engine and Airframe Seals, Enai End
i i ngine enaurance
Coatings and Metallics g oot * — " Anomolie: |
Unacceptable ‘ .
- Evolvin
Reject Fuel or OEM Approval "
Additive Incorporate into Fuel ‘
File Report Specification with FAA
Concensus

?

* Testing must be performed at P&W, GEAE , RR or Honeywell due to proprietary concerns




Combustor Operability

Fail

Fail

Test Program

Specification
Propeies

Pass

Fail

Fail

1 November 2011

Rig Tests

Fuel System
» Atomization

» Fuel pump
» Fuel control

Combustor Rigs
» Cold start (sea level to 10,000 ft)

» Lean blowout

» Altitude relight

sTurbine inlet temperature
distribution

» Emissions

» Combustion efficiency

1 » Flow-path carbon deposition

» APU altitude relight

*Tests identified but not defined

* No test conditions or acceptance criteria

AlAA 2010-7155 5



OEM Proposed Combustion
Rig Evaluation

ir__t_ ___] __.—-_ B ___;:;_— i Ekay lxmmlm -
o] | ommosten sy, ety € General Elet:trlc

4 Honeywell
[m,w-.ﬂr“““;;.:‘ — L Eammener 4 Pratt & Whitney

Fuel L GCMS Compositional Analysis

Honeywell

LLLLL

# Rolls-Royce Liberty Works|Zllal [t es
‘ Wllllams m Williams International

Testing protocol development
requires baseline/reference fuels

[;mnm_ﬂ , » Category A — Best/worst/average JP-8/Jet A
— e - Category B — Current alt fuels (good/bad)

» Category C — Test fuels pushing spec limits

[‘W

:: — ey e | M
In Progress:

Review Data With OEMS / SPOS, Fast Track  Define Category C
e *Volumes
« Coordinate with AFOSR combustion prog.

AlAA-2010-7155 6
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Baseline Jet Fuels

 Best/worst jet fue

| may vary with metric (cold start, LBO, relight, ...)

 Need to understand experience base with current fuels

e In many cases, no experience with best/worst jet fuels

e Thus, limits uncertain (what is a “fail” ?)

Nominal JP-8

Worst JP-8 -

4

Best JP-8 "
No-Ignition

Experience
Range

Avg of 5 attempts

on test fuel

=

1 November 2011
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Fuels from Woody Biomass

e Focus of DOE Biomass program

e Can yield fuels of atypical composition

Hemicellulose Thermal Conversion
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Modeling study of woody biomass: Interactions
of Cellulose, Hemicellulose, and Lignin
Xiaolei Zhang, Weihong Yang, and Wlodzimierz Blasiak
Energy Fuels, Just Accepted Manuscript » Publication Date (Web) 14 September 2011
Downloaded from http://pubs.acs.org on September 19, 2011



Woody Biomass (2)

OH HO HEC HDHQE

Cellulose: HC}HJCﬁ HOH,C
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Not All Fuels Look Like SPK

15

4751 JP-8
current fuels JP-8, Jet A
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F-T SPK (blend stock)

L L ol bl

el Len s

HRJ - hydrotreated fats/oils (blend stock)

generic F-T SPK

A

11 C
Cs ; C13 Cia C15 c
c; 16 Cy Cis Cyg HR\]
i) HMM Biofuel A
5 10 15 20 25 30 |\/|0re
Challenging!
l Biofuel B
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Fuel Compositional Evaluation

e Kerosene fuel characterization by compound class req’d for alt fuel evaluation
e ASTM D2425 (mass spec): AF/industry results led to inclusion in spec
* GC X GC (2-D GC) holds promise for better results

e Collaborations with SwRI, NIST, NRL, UOPC  « e
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“Alcohol to Jet”

M A M A

70-90% 70-90%
OH L, /K - isododecene N\ isododecane
dehydration oligomerizatjon :
Y B 'g izati hydrogenation
isoputano|  (&-g- TBAdehydration iSObUtyleN€ ey cpTech Dimers, (©. Neste NEXSAT)
by Evonik, LyondeIIBaseII, UOP INAIK,
CDTech, EtOH dehydration Neste NEXOCTANE) N

by Dow 10-30% W 10-30% M
isohexadecene isohexadecane
C12 isoparaffins
I A 1
Hydroprocessed Synthetic [ ]
Paraffinic Kerosine Derived from __ ‘
Fermented Alcohols !
Josh Taylor, June 30, 2010 (ASTM Summer | . .
2010 Meeting, Kansas City, MO) - C16 isoparaffins
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1 November 2011
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&/ Cetane Effects
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 Measured cetane relevant to gas turbine ignition or operability?
e predominantly iso-paraffinic fuels (Sasol, Gevo) have low
cetane — importance?

60 ‘ ‘
~_ ———y=56.633-0.7346x R=0.90102
T~ 8 |
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‘ = 1
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00 6890 correlation all fuels
O : 0O jetfuel :
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SaSOl IPK 31 > 30 b ¢ 50/50 blends  |.._. e _
- ‘ X HRJ/ISPK 1
(</E') +  mesitylene in HRJ
20 -
Gevo ATJ - 15 —_—>
10
0 5 10 15 20 25

1 November 2011 % aromatics 14
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e Blended with HRJ, SPK, or?

Weight % n-Paraffins

C7-Cy [C10-C13 |C14-Cy6 | C17-Cg
n-Cy 4751 | 17 | 143 | 29 | 012
n-Cio n-Cy, 7602 | 01 | 01 | <003 | <0.03
n-Cy3
n-Cyy

4751 (JP-8)

n-Cy
n-Cis
n-Cg
n-Ci
n-Cy WWAMW n-CL” n-Cig

Bio-derived aromatic blend stock
ML\LM B N N

) L S | T — 1
Time--> 5 10 15 20 25 30
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F-T SPK (blend stock)
AL Ll Ll Dt o b
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HRJ - hydrotreated fats/oils (blend stock)
10

C
5469 ‘u ¢,
Cq G cy o
C
¢ 16 Cyy Cis Co

Mono-methyl isomers (methyl-tridecanes)
I‘Ll

Produced at Shroyer
JCA022-029a Park — mimics

potential “alcohol-to-
jet” and synthetic

biology fuels

mn 8 10 12 14 16 18 20
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\/ Combustor Opera}bility Research
33 uestions

e Can afully-synthetic fuel (vs a 50/50 blend) be
certified for aircraft use?

e Is aminimum boiling range requirement necessary
for combustor/augmentor operability?

o Are fuels with 2-3 hydrocarbons acceptable?

 For wide-boiling fuels, is there a problem with
differing distributions of species (e.g., aromatics)?

 |Is measured cetane number relevant to gas turbine
engine operation?

17
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« Combustion evaluation of alternative aviation fuels
IS the “long pole in the tent” at the moment

« Key role for MACCCR community is supplying basic
research support to this effort

« DOD funding picture is looking fairly grim....

18
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